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Summary The pelvis may be seen as a single vertebra, between the spine and the femurs.
The anatomy of this pelvic vertebra has changed with the evolution of species, notably with
the transition to bipedalism, with the consequent appearance of lumbar lordosis. The lum-
bosacral angle, almost non-existent in other mammals, is at its greatest in humans. Pelvic and
spinal radiological parameters reﬂect the sagittal balance of the spine in bipedal humanity.
Applications in the management of spinal imbalance are numerous. Arthrogenic or degenera-
tive kyphosis is the stereotypic example of spinal aging. Postoperative ﬂat back following spine
surgery is hard to prevent. Scoliosis surgery in adults should now take greater account of the
patient’s individual sagittal balance, by analyzing the pelvic and spinal parameters. The extent
of arthrodeses performed during adolescence to manage idiopathic scoliosis may also induce
lthoo
. Allproblems of balance in adu
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IntroductionEveryday clinical practice frequently leads us to suspect a
close relationship between the lumbar spine and the hip
joints.
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The transition to bipedal stance in humans has induced
omplex changes in spinal and pelvic statics, especially in
he sagittal plane, transforming the pelvis from a mere relay
etween spine and lower limbs into an authentic pedestal
or the trunk: a ‘‘pelvic vertebra’’, as Dubousset puts it.
he mechanically obligatory sagittal curves contribute to a
pinal balance that is constantly changing according to pos-
ure and movement and which varies from one individual to
nother according to morphotype, age and pathology.
According to Duval-Beaupère, sagittal balance is
chieved by an ascending and descending chain of inter-
served.
S2 J.-L. Husson et al.
F
D
d
t
v
t
r
s
r
l
w
s
l
B
D
v
s
t
c
p
‘
•
•
t
q
m
p
i
r
t
a
i
s
s
Figure 2 Lumbosacral angle.
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tigure 1 The ‘‘interposed’’ pelvic vertebra, according to
ubousset.
ependent correlations between the center of gravity of
he body segment supported by the femoral heads and a
ariety of pelvic and spinal parameters. Taken together,
hese correlations maintain the center of gravity behind the
otation axis of the femoral heads, ensuring ‘‘economical’’
agittal balance, involving minimal muscular effort.
Sagittal balance fundamentally expresses a postu-
al strategy mobilizing the dynamic structure of the
umbar—pelvic—femoral complex in an authentic balance by
hich obligatory coupled movements transmit stresses in a
ingle structure, the spine, to the two-part structure of the
ower limbs, and vice-versa.
ackground
ubousset was one of the ﬁrst to individualize the pelvic
ertebra: the pelvis as a whole can be seen as a single, rather
pecial vertebra, between spine and femurs (Fig. 1). It has
he form of a single funnel-shaped element, concave above,
ylindrical below, set in the skeletal joint chain of the erect
ostures (sitting or standing) in children and adults. It is an
‘interpolated’’ bone, exhibiting instability between:
the spine, which it supports via the relatively immobile
lumbosacral joint;
and the lower limbs, to which it is connected via two pivot
joints with a high degree of freedom in the standing posi-
tion or via a trapezoid assembly constituted by the ischial
tuberosities and the posterior side of the femurs in the
sitting position.
Pelvic vertebra anatomy has changed with the evolu-
ion of species, and especially with the transition from
uadripedal to bipedal stance [1]. This new mode of loco-
otion puts the center of gravity in the pelvis. The spinous
rocesses of the cervical vertebrae point downwards, induc-
ng cervical lordosis. Concavity occurs again in the lumbar
egion, lumbar lordosis and a further curve being added to
he existing curvatures, making four sagittal spinal curves in
ll.
The lumbosacral angle (Fig. 2) is almost non-existent
n most mammals. It is minimal in monkeys (Fig. 3), who
eldom walk on their hindlegs alone; in apes, which occa-
ionally adopt a bipedal stance, it is slightly developed
g
t
t
eigure 3 Evolution of lumbosacral angle, from occasionally
ipedal monkeys to humans.
c. 44◦ in chimpanzees), and reaches a maximum (110◦) in
umans.
In terms of musculature, in bipedal humans, the posterior
ilt of the sacrum provides a much more effective lever fort
he trunk erector muscles than in quadripedal monkeys.
In humans alone does the gluteus maximus have a supe-
ior origin, in the postero-superior ilium, and a proximal
ttachment to the femur.
In apes, the predominant muscles on the iliac crest are
he latissimus dorsi and quadratus lumborum, supporting the
eight of the trunk and lower limbs in suspension, while
n humans the erectors and obliques predominate and con-
ribute to the trunk’s balance on the pelvis during bipedal
ait.Humans thus have an economical balance, enabling them
o stand upright without undue muscular effort: any devia-
ion, for whatever reason, from the range of balance uses
nergy.
The lumbar-pelvic-femoral complex: applications in spinal imbal
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oFigure 4 Pelvic parameters: a: pelvic incidence; b: sacral
slope; c: pelvic version.
Anatomically, there is very little mobility within the
pelvic ring (sacrum and two hip-bones), which moves as a
single block in the sagittal plane, around the axis of the
femoral heads.
Sagittally, anteversion of the pelvis lowers the pubis and
increases lumbar lordosis, whereas retroversion raises the
pubis and reduces lumbar lordosis or even induces lumbar
kyphosis.There are many means of exploring balance, but clinical
examination remains primordial, comprising analysis of the
individual while standing, walking and lying.
Figure 5 Spinal parameters: a: lumbar lordosis; b: thoracic
kyphosis; c: T9 vertebra; d: T1 vertebra.
A
e
a
A
(
A
t
t
f
p
l
t
A
m
d
a
w
c
f
a
a
I
n
d
a
rance S3
Pelvic (Fig. 4) and spinal (Fig. 5) radiological parameters
re now well-known, thanks to the work of Legaye et al.
2]. Pelvic incidence varies between individuals, but for any
iven individual is ﬁxed, whatever the position (standing,
itting or lying). It thus determines overall spinal balance.
here are well-established correlations between incidence,
acral slope, and thoracic lordosis (Fig. 6). A cohort study
etermined the mean values of these parameters [3].
pplications to spinal imbalance
agittal spinal imbalance may be deﬁned as ‘‘loss of sagittal
alance’’.
This simple deﬁnition nevertheless implies knowing and
dentifying the various morphotypes of sagittal balance, of
hich, according to Roussouly et al. [4], there are four.
Lumbosacral spondylolisthesis (SPL) by isthmus lysis with
evere displacement is a particular form of congenital imbal-
nce, which Hresko et al. [5] showed to have stable and
nstable forms. All share a very strong pelvic incidence; but,
hereas stable SPL involves a strong sacral slope (horizon-
al sacrum) and weak pelvic version (anteversion), unstable
PL involves a weak sacral slope (vertical sacrum) and strong
elvic version (retroversion). This notion of stability enables
daptation of treatment, so as to obtain spino-pelvic param-
ters corresponding to stable SPL [6] (Fig. 7 a, b, c).
Other forms of imbalance are, in contrast, acquired:
agittal imbalance may result from an accident (multiple
racture, malunion) or an evolutive degenerative pro-
ess (degenerative scoliosis, degenerative spondylolisthesis,
tc.) or be iatrogenic (following inappropriate spinal surgery
r surgery on an evolutive lesion) (Fig. 8 a and b).
rthrogenic or degenerative kyphosis, stereotypic
xample of spinal aging: interest of gait
ssessment and the EOS system
nalysis of a series of 25 cases of arthrogenic kyphosis
AK)
homogeneous series of 25 cases of AK was analyzed. AK is
he stereotypic example of lumbar spinal aging, impacting
he position of the pelvis and lower limbs.
All patients were aged more than 65 years, consulting
or sagittal imbalance without associated scoliosis. Eight
resented with associated symptomatic narrowing of the
umbar canal; the other 17 had only lumbar pain and func-
ional disturbance related to anterior imbalance.
natomopathology. Anatomopathology (Fig. 9) featured
ultiple disk impingement, particularly in the lower lumbar
isks and lumbosacral disk, greatly impairing lordosis (15◦
t disk L5-S1, 12◦ at L4-L5, 10◦ at overlying disks). There
as also hypertrophy of the joint bodies and spinous pro-
esses, causing posterior congestion, preventing the patient
rom standing up. The kyphosis position was experienced
s comfortable, if the lumbar canal was narrow, further
ggravated when the lumbar section was put in lordosis.
n the series of 25 cases, mean pelvic incidence was near
ormal (52◦), mean lordosis was 35◦, versus 55◦ for the inci-
ence observed, thoracic kyphosis was near normal and,
bove all, mean pelvic retroversion was 20◦. On lateral X-
ay in natural posture, three-quarters of the patients showed
S4 J.-L. Husson et al.
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pFigure 6 Correlations between pelvic incidenc
exion contracture of the knee: this compensates the imbal-
nce; like pelvic retroversion, it moves the trunk back,
nabling prolonged alignment of the outer ear canals and
emoral heads on the same axis (Fig. 10). Taken together,
hese osteo-articular abnormalities create an ‘‘ape proﬁle’’,
tanding in a semi-seated position, with great difﬁculty in
alking.
T and MRI. CT and MRI (Fig. 11) found a narrow lumbar
anal in more than half the cases and, above all, allowed
uscle assessment. On Hadar’s classiﬁcation [7], more than
alf the cases showed fatty degeneration of more than half
a
e
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igure 7 A. Spondylolisthesis with lumbosacral kyphosis in a girl ag
onths postoperative FU unstable spondylolisthesis. Preoperative p
elvic parameters: PI, 92.5; PV, 37.6; SS, 54.9.rdosis, sacral slope, pelvic version and kyphosis.
he surface of the lumbosacral body, mainly involving the
ultiﬁdus. The same Hadar grade-3 was very character-
stically found in the thoracolumbar region. Aging is thus
ssociated with muscular degeneration, increasing anterior
mbalance. Twelve of the 25 patients had jobs (farming,
echanics) involving prolonged forward ﬂexion of the trunk;
similar ﬁnding was reported in Japanese paddy-ﬁeld work-
rs by Takemitsu [8].
ybex isokinetic tests. Cybex isokinetic tests were per-
ormed on 10 patients in the series. Abdominal muscles were
ompared with the extensors of the spine, psoas muscles
ed 13 years 4 months. B. Degradation in 16 months. C. Fourteen
elvic parameters: PI, 92.5; PV, 54.9; SS, 37.6. Postoperative
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Figure 10 Anterior imbalance compensated for by ﬂexion
contracture of the knee. A. Clinical aspect. B. Radiological
aspect. Note: ﬂexion contracture of the knees pelvic retrover-
s
•Figure 8 A. Seventy-one-year-old woman: severe iatrogenic
sagittal imbalance. B. T5-S1 instrumentation + L4 osteotomy.
Pelvic parameters: PI, 80; SS, 33; PV 47.
with gluteus maximus and quadriceps with biceps femoris.
Compared with normal controls assessed under the same
conditions on the same apparatus, the 10 patients showed
signiﬁcantly elevated ﬂexor/extensor (149%, vs. 63%) and
psoas/gluteus maximus (112% vs. 60%) ratios.
Surgery. Surgery may be indicated in case of failure of
medical treatment, where there are signs of radicular
compression. Decompression surgery should be associated
to kyphosis correction and stabilization. This requires
osteotomies, which may be:
• multiple posterior transforaminal associated to anterior
osteotomy by interbody cages inserted transforaminally
or secondarily via an anterior approach;
[
a
Figure 9 Discal impingement and joiion lumbar hypolordosis.
or transpedicular subtraction osteotomy, providing
greater angular correction (40◦ maximum, vs. 10) on
average with posterior transforaminal osteotomy).
Preoperative selection of osteotomy type uses software
9], and should take pelvic retroversion or knee ﬂexion into
ccount in the correction.
nt hypertrophy, causing kyphosis.
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Figure 11 A. Severe lumbosacral degeneration. B
Interest of the EOS System in assessing sagittal
imbalance in AK [10]
The EOS System was developed by Charpak, winner of the
Nobel Prize for Physics. It is a low-radiation radiology sys-
tem, exploring the skeleton from head to toe, in upright
posture, with AP and lateral views and 3D reconstruction
of trunk balance. The advantages are the complete explo-
ration under weight-bearing, with 10-fold lower radiation
than conventional X-ray (110-fold lower than CT), provid-
ing 3D reconstruction of the whole skeleton, by dedicated
software (Fig. 12).
The subject is X-rayed standing. The position of the knees
has to be checked to avoid the ﬂexion contracture patients
use to compensate for severe imbalance. The position of the
head is also to be checked, so as to include the cervical spine
in the lateral skeletal study: patients are asked to stare at
their own pupils reﬂected in a mirror held in front of them.
The position of the hands is a subject of discussion, and
Figure 12 Interest of EOS system, which identiﬁes preopera-
tive ﬂexion contracture (A), disappearing postoperatively (B).
o
S
p
t
e
I
t
t
I
T
t
m
f
r
t
d
p
m
s
f
g
w
d
t
o
A
b
T
d
•
•
•
d. More characteristic in thoracolumbar region.
bviously impacts the position of the spine as a whole. The
coliosis Research Society considers the most reproducible
osition to be with the wrists on the clavicles, but this posi-
ion may hide the cervico-thoracic junction; balance can
qually well be ensured with the hands on the cheekbones.
n case of extreme imbalance, the only option available to
he patient may be to place the hands on the front panel of
he EOS apparatus itself.
nterest of gait study
he views described above obviously require a static posi-
ion, which is not always easy for unbalanced patients to
aintain. Dynamic gait analysis alone can assess the true
unctional impact of imbalance in elderly subjects.
Lee [11] convincingly demonstrated how subjects able to
etrovert the pelvis on lateral views were unable to main-
ain the retroversion while walking, due to gluteus maximus
eﬁciency: the trunk tilted considerably forwards, due to
elvic anteversion.
Optoelectronic recording of all skeletal segments deter-
ines the respective positions of the spine, limbs and pelvis;
urface electromyography of the spinal extensors, posterior
emoral muscles and glutei maximi also assesses disturbed
ait. Severe anterior imbalance reduces pace amplitude,
alking speed and upper limb balance; the patient is often
riven to use compensatory maneuvers, such as walking with
he hands behind the back, wearing a little backpack or,
bviously, using a cane in the most advanced cases.
ssessment and prevention of postoperative ﬂat
ack in adults
he objectives in surgery for lumbar spine and dorsolumbar
eformity in adults are:
to reduce lumbar and radicular pain;
to arrest evolution of the deformity;
and to restore frontal and lateral trunk balance.
Before undertaking corrective surgery, a plan should be
rawn up:
The lumbar-pelvic-femoral complex: applications in spinal imbalance S7
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TFigure 13 A. Scoliosis with concave imbalance; lumbosacral
frontal vertebra. B. Simple arthrectomies and transisthmic oste
• how far should the deformity be corrected to restore sat-
isfactory balance?
• how to restore spinal reducibility so that arthrodesis can
be performed in the right position?
• is the ideal program reasonable?
How far to correct?
Chopin [12] published a classiﬁcation to analyze the imbal-
ance induced by deformity, using AP and lateral whole-spine
X-ray.
The proﬁle can be conserved, either with lumbar kyphosis
but conserving lumbosacral lordosis (Fig. 13), or with overall
kyphosis (Fig. 14).
Frontally, imbalance may lie on the concave side of the
main curve, in which case correcting the deformity should
correct the imbalance (Fig. 13); or it may be on the convex
side, in which case correcting the curve would further impair
balance (Fig. 14); or again the scoliosis may be balanced.
Radiography (AP and lateral whole-spine X-ray, trac-
tion views and inclination views) enables pelvic and spinal
parameters to be calculated and the ﬂexibility of the
deformity to be assessed. Precalculated reference graphs
based on healthy populations [13] enable ideal correction
to restore satisfactory spinal balance to be derived from
observed pelvic incidence, pelvic version and sacral slope
values.
It is essential to restore good anatomy, as this determines
the quality of the ﬁnal result [13].
Which procedure?
Surgical strategy should address ﬁve issues.
Approach. In adults over 50 years of age, the approach is
almost systematically posterior.
Radicular release. Depending on clinical symptomatology,
the degree of compression on CT, MRI or possibly radiculog-
raphy, radicular release should frequently be associated.
t
B
3
d
isis is conserved. Correction of the main curve will correct the
y are enough.
orrection of deformity. This is a key step. To correct the
eformity satisfactorily, sufﬁcient spinal mobility must be
estored so as to be able to ﬁx it in the ideal position.
epending on the stiffness of the segment and the height
f the disk, various release procedures may be used:
simple arthrectomy is sufﬁcient where spinal stiffness is
moderate;
isthmic osteotomy should be performed when a segment is
very stiff, with conserved disk height, and provides about
10◦ of kyphosis correction per level [14];
pedicular osteotomy may be considered where the spine
is totally stiff, both frontally at the disks and posteriorly
at the articulations, and provides 30◦ mobility per level
[14], but is hard to perform twice.
Peroperative control of correction after instrumentation
s an issue that remains to be correctly resolved.
xtent of assembly. The uppermost level and extension
owards T2 is determined by the degree of dorsal kypho-
is and muscular control of the upper trunk, and the lowest
evel by the degree of lumbosacral osteoarthritis and the
ossibility of restoring balance in the last two lumbar levels.
ype of graft. The reference technique is autograft, to
hich bone substitutes may be added. The use of bone
orphogenetic protein (BMP) with a posterior approach
s currently under evaluation. Allograft is controversial in
hese indications.
s it reasonable?
he risk/beneﬁt ratio is determined by assessing the bother
o the patient versus the possible complications of surgery.
other is assessed on self-administered questionnaires (SRS
0, SF 36, etc.) and on clinical examination, focusing on the
egree of imbalance. Evolutivity of scoliosis is to be taken
nto account, as are any factors of comorbidity. The degree
S8 J.-L. Husson et al.
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ligure 14 A. Scoliosis with convex imbalance. B. Lumbosacral
urve; correction is to be performed there. Care must be taken
s required.
f osteoporosis and the patient’s psychological condition are
lso key factors.
Complications are divided into four categories [15]:
neurological complications, with risk of paraplegia and
especially of radicular complications, which occur in 1%
of cases and can sometimes be deﬁnitive;
infectious complications, which occur in 2% to 3% of cases
and may be immediate or late;
mechanical complications, which are the most frequent:
the risk of lumbosacral non-union is 20% after the age of
60 [16];
and, ﬁnally, general complications, which are not to be
overlooked, especially in the elderly: there is always a
risk of death, whether by cardiac complication, perop-
erative bleeding or pulmonary embolism; psychological
decompensation is also a possibility.
Complications may impair the ﬁnal functional result [17].
mpact of large-scale arthrodesis on the spine
elow
hat is the impact on the part of the spine lying below
he limit of an arthrodesis performed to correct idiopathic
coliosis?
The lower limit of the arthrodesis is discussed during sur-
ical planning. Standing AP and lateral whole-spine X-ray
nd bendings are used. Classiﬁcation is helpful, whether King
t al.’s [18], Ponsetti and Friedman’s [19] or more recently
enke et al.’s [20]. Sagittal pelvic parameters are also ana-
yzed.
The literature mainly contains results for the Harrington
rocedure. Aaro and Ohlén [21], in a series of 96 patients
ith 4 years’ FU, considered that instrumentation should not
C
Ntion in kyphosis. Imbalance originates in the L4-sacrum counter-
to overcorrect the main curve. C. L4 transpedicular osteotomy
o beyond L3 if lumbar lordosis and sagittal mobility were
o be conserved. Hayes et al. [22] reported more frequent
ain, with retrolisthesis and sagittal vertebral translation,
ith low instrumentation, and advised against involving L4.
wank et al. [23] conﬁrmed this attitude, reporting a postop-
rative loss of lumbar lordosis proportional to the downward
xtension of instrumentation of the lumbar spine. Takahashi
t al. [24], in a series of 30 idiopathic scoliosis patients with
—9 years’ FU, reported increased prevalence of pain, with
ood frontal balance but lateral retrolisthesis of the last
ertebra to be instrumented.
In contrast, Perez-Grueso et al. [25] reported arthrode-
is results at more than 10 years’ FU and analyzed possible
egenerative impact (notably, changes to intervertebral
isks): they found no difference between surgery patients
nd a control group, any changes correlating with age rather
han with surgery.
Tanguay et al. [26] examined the possible inﬂuence of
he type of patient installation on the result in the sagittal
lane of the segments lying below the arthrodesis.
onclusion
he lumbar—pelvic—femoral complex is an entity relevant to
osture, with interconnections and compensations between
he spine and lower limbs. Applications in spinal surgery are
umerous. Trunk imbalance can to some extent be compen-
ated for by the pelvis and lower limbs. Spinal arthrodesis,
hether to manage severe deformity or to instrument a
hort segment, must always take account of trunk and lower
imb balance.onﬂict of interest statement
one.
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